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(57) ABSTRACT 

Optical transmission being performed by frequency modu 
lating frequency-division-multiplexed multi-channel signals 
as a single unit, distortion that is caused by a ripple-shaped 
group delay deviation in a transmitter 2, a receiver 4 and an 
optical link 3 is reduced by providing a level adjuster 2a for 
adjusting the level of frequency-division-multiplexed multi 
channel signals input to the FM modulator 2b, and by 
increasing the input level of multi-channel signals to the FM 
modulator 2b by level adjusting means 2a to enlarge the 
bandwidth of FM signal, in the case Where the number of 
channels is small. 
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OPTICAL TRANSMISSION SYSTEM AND 
OPTICAL TRANSMISSION APPARATUS USED 

THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical trans 
mission system for frequency modulating frequency-divi 
sion-multipleXed multiplexed-channel signals as a single 
unit for optical transmission and optical transmission appa 
ratus used for the system. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, there is knoWn a system for fre 
quency modulating frequency-division-multiplexed multi 
pleXed-channel signals as a single unit for transmission. 
FIG. 10 is a block diagram shoWing the con?guration of 
such a conventional optical transmission system. In FIG. 10, 
an optical transmission system 50 has a con?guration in 
Which a transmitter 51 connects to a receiver 53 through an 
optical transmission link, such as an optical ?ber 52. 

[0005] The transmitter 51 is composed of a general FM 
modulator 54 for frequency modulating a carrier signal as a 
single unit by frequency-division-multipleXed multiplexed 
channel signals and an optical modulator 55 for modulating 
the intensity state of a signal light by the resulting fre 
quency-modulated signals. The receiver 53 is composed of 
an optical receiver for performing photoelectric conversion 
of transmitted optical signals and an FM demodulator 57 for 
frequency demodulating the frequency-modulated signal to 
output frequency-division-multipleXed multiplexed-channel 
signals. 

[0006] Next, the operation of a conventional optical trans 
mission system is described beloW. Frequency-division 
multipleXed multiplexed-channel signals input to the FM 
modulator 54 are frequency modulated as a single unit. The 
resulting frequency-modulated signal is applied to the opti 
cal modulator, Which changes the intensity state of the signal 
light, and is transmitted through the optical ?ber line 52. 
Optical signal transmitted to the receiver 53 undergo pho 
toelectric conversion, and the resulting frequency-modu 
lated signals is frequency demodulated by the FM demodu 
lator 57 to restore frequency-division-multipleXed 
multiplexed-channel signals. 

[0007] An optical transmitter used for this type of optical 
transmission systems is disclosed, for eXample, in JP-A-8 
274714 (optical signal transmitter). This optical signal trans 
mitter can transmit multiplexed-channel signals (video sig 
nals) by converting amplitude modulated broadband 
electrical signals to frequency-modulated electrical signals, 
and thus can provide an optical transmitter having good 
signal quality. 

[0008] HoWever, in this type of conventional optical trans 
mission system and an optical transmitter used for the 
optical transmission system, there occurs a ripple-shaped 
group delay deviation Which periodically varies from the 
speci?c frequency shoWn in FIG. 3. This group delay 
deviation raises the problems such that the number of 
channels for frequency-division-multiplexed multiplexed 
channel signals input to the transmitter becomes small, that 
is to say, bandWidth of FM signal frequency modulated as a 
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single unit is reduced so that distortion caused by the 
ripple-shaped group delay deviation comes to be larger 
distortion in case of the signals being transmitted from the 
transmitter to the receiver. 

SUMMARY OF THE INVENTION 

[0009] The object of the invention is to provide an optical 
transmission system for increasing the level per Waveform 
of multiplexed-channel signals and increasing the band 
Width of FM signal to reduce the distortion caused by a 
ripple-shaped group delay deviation in a transmitter, a 
receiver and optical transmission link, even in the case 
Where the number of channels for frequency-division-mul 
tipleXed (FDM) multiplexed-channel signal input to the 
transmitter is small, and the bandWidth of FM signal fre 
quency modulated as a single unit is reduced. 

[0010] An optical transmission system according to the 
invention comprises a transmitter for transmitting optical 
signals based on the input frequency-division-multipleXed 
multiplexed-channel signals and a receiver for receiving 
optical signals transmitted from the transmitter through 
optical transmission link, the transmitter having signal level 
adjusting means for reducing the distortion caused by a 
ripple-shaped group delay deviation in a transmitter a 
receiver and the optical transmission link in transmitting 
optical signals from a transmitter or a receiver. Through such 
a system con?guration, the bandWidth of FM signal can be 
enlarged and the distortion caused by a ripple-shaped group 
delay deviation in a transmitter, a receiver and optical 
transmission link can be reduced by adjusting to increase the 
level per Waveform of multiplexed-channel signals through 
signal level adjusting means, even in the case Where the 
number of channels for the frequency-division-multipleXed 
multiplexed-channel signals input to the transmitter is small, 
and the bandWidth of FM signal frequency modulated as a 
single unit is reduced. 

[0011] In an optical transmission system according to the 
invention, the transmitter is equipped With a general FM 
modulator for frequency modulating multiplexed-channel 
signals as a single unit and the receiver is equipped With 
optical modulation means for adjusting the intensity state of 
the signal light through frequency modulated signals 
obtained by frequency modulating multiplexed-channel sig 
nals as a single unit. Further equipped is an optical receiver 
for performing photoelectric conversion of the optical signal 
transmitted to the receiver through the optical transmission 
link on a general FM demodulation for frequency demodu 
lating FM signal obtained thereby. Through such a system 
con?guration, the bandWidth of FM signal can be enlarged 
and the distortion caused by a ripple-shaped group delay 
deviation in a transmitter, a receiver and optical transmission 
link can be reduced by increasing the level per Waveform of 
multiplexed-channel signals through signal level adjusting 
means When signals are transmitted from the transmitter to 
the receiver through an optical channel, even in the case 
Where the number of channels for frequency-division-mul 
tipleXed multiplexed-channel signals input to the transmitter 
is small, and the bandWidth of FM signal frequency modu 
lated as a single unit is reduced. 

[0012] In an optical transmission system according to the 
invention, the signal level adjusting means is equipped With 
an ampli?er for amplifying multiplexed-channel signals and 
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an attenuator for attenuating While adjusting the output of 
the ampli?er. Through such a system con?guration, the 
bandwidth of FM signal can be enlarged and the distortion 
caused by a ripple-shaped group delay deviation in a trans 
mitter , a receiver and optical transmission link can be 
reduced by increasing the level per Waveform of multi 
pleXed-channel signals based on the output of the ampli?er 
When FDM multiplexed-channel signals are transmitted 
from the transmitter to the receiver through an optical link, 
even in the case Where the number of channels for fre 
quency-division-multiplexed multiplexed-channel signals 
input to the transmitter is small, and the bandWidth of FM 
signal frequency modulated as a single unit is reduced. 

[0013] In an optical transmission system according to the 
invention, the signal level adjusting means is used to manu 
ally adjust the input level of the FDM multiplexed-channel 
signals based on the number of channels for the FDM 
multiplexed-channel signals. Through such a system con 
?guration, the bandWidth of FM signal can be enlarged and 
the distortion caused by a ripple-shaped group delay devia 
tion of a transmitter, a receiver and optical transmission link 
can be reduced by manually adjusting the level in Waveform 
of FDM multiplexed-channel signals When they are trans 
mitted from the transmitter to the receiver through the 
optical link, even in the case Where the number of channels 
for frequency-division-multipleXed multiplexed-channel 
signals input to the transmitter is small, and the bandWidth 
of FM signal frequency modulated as a single unit is 
reduced. 

[0014] In an optical transmission system according to the 
invention, the transmitter comprises a bandWidth detector 
for detecting the bandWidth of the FM signal. Through such 
a system con?guration, the bandWidth of FM signal can be 
enlarged and the distortion caused by a ripple-shaped group 
delay deviation of signals transmitted from a transmitter, a 
receiver and optical transmission link can be reduced by 
detecting the bandWidth of FM signal Whose input level is 
adjusted to enlarge the bandWidth of the FM signal When 
signals are transmitted from the transmitter to the receiver 
through an optical channel, even in the case Where the 
number of channels for frequency-division-multipleXed 
multiplexed-channel signals input to the transmitter is small, 
and the bandWidth of FM signal frequency modulated as a 
single unit is reduced. 

[0015] An optical transmitter according to the invention 
comprises a transmitter for transmitting optical signals based 
on the input frequency-division-multipleXed multiplexed 
channel signals, the transmitter comprising signal level 
adjusting means for reducing the distortion caused by a 
ripple-shaped group delay deviation in the transmitter, the 
receiver and the optical transmission link in transmitting 
optical signals from the transmitter to the receiver, and for 
adjusting the level of transmit signals depending on the 
increase/decrease in the number of channels for FDM mul 
tipleXed-channel signals to keep constant of the bandWidth 
of the FM signal. Through such a system con?guration, the 
bandWidth of FM signal can be enlarged and the distortion 
caused by a ripple-shaped group delay deviation of signals 
transmitted from a transmitter to a receiver can be reduced 
to transmit the multiplexed-channel signals With good signal 
quality, by adjusting to increase the level per Waveform of 
multiplexed-channel signals through signal level adjusting 
means, even in the case Where the number of channels for 
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frequency-division-multipleXed multiplexed-channel sig 
nals input to the transmitter is small, and the bandWidth of 
FM signal frequency modulated as a single unit is reduced. 

[0016] In an optical transmitter according to the invention, 
the transmitter is equipped With a general FM modulator for 
frequency modulating the multiplexed-channel signals as a 
single unit. Through such a system con?guration, the band 
Width of FM signal can be enlarged and the distortion caused 
by a ripple-shaped group delay deviation of signals trans 
mitted from a transmitter to a receiver can be reduced to 
transmit multiplexed-channel signals With good signal qual 
ity, by increasing the level per Waveform of multiplexed 
channel signals When signals are transmitted from the trans 
mitter to the receiver through an optical channel, even in the 
case Where the number of channels for frequency-division 
multipleXed multiplexed-channel signals input to the trans 
mitter is small, and the bandWidth of FM signal frequency 
modulated as a single unit is reduced. 

[0017] In an optical transmitter according to the invention, 
the signal level adjusting means is equipped With an ampli 
?er for amplifying the multiplexed-channel signals and an 
attenuator for attenuating While adjusting the output of the 
ampli?er. Through such a system con?guration, the band 
Width of FM signal can be enlarged and the distortion caused 
by a ripple-shaped group delay deviation of signals trans 
mitted from a transmitter to a receiver can be reduced by 
increasing the level per Waveform of multiplexed-channel 
signals based on the output of the ampli?er When signals are 
transmitted from the transmitter to the receiver through an 
optical channel, even in the case Where the number of 
channels for frequency-division-multiplexed multiplexed 
channel signals input to the transmitter is small, and the 
bandWidth of FM signal frequency modulated as a single 
unit is reduced. 

[0018] In an optical transmitter according to the invention, 
the signal level adjusting means is used to manually adjust 
the input level of multiplexed-channel signals based on the 
number of channels for the multiplexed-channel signals. 
Through such a system con?guration, the bandWidth of the 
FM signal can be enlarged and the distortion caused by a 
ripple-shaped group delay deviation of signals transmitted 
from a transmitter to a receiver can be reduced by manually 
adjusting the level per Waveform of FDM multiplexed 
channel signals When they are transmitted from the trans 
mitter to the receiver through an optical transmission link, 
even in the case Where the number of channels for fre 
quency-division-multipleXed FDM multiplexed-channel 
signals input to the transmitter is small, and the bandWidth 
of FM signal frequency modulated as a single unit is 
reduced. 

[0019] In an optical transmitter according to the invention, 
the transmitter comprises a bandWidth detector for detecting 
the bandWidth of FM signal. Through such a system con 
?guration, the bandWidth of FM signal can be enlarged and 
the distortion caused by a ripple-shaped group delay devia 
tion in a transmitter, a receiver and the optical transmission 
link can be reduced by detecting the bandWidth of FM signal 
Whose input level is adjusted to enlarge the bandWidth of the 
FM signal When FDM signals are transmitted from the 
transmitter to the receiver through an optical transmission 
link, even in the case Where the number of channels for 
frequency-division-multipleXed multiplexed-channel sig 
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nals input to the transmitter is small, and the bandwidth of 
FM signal frequency modulated as a single unit is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram shoWing the con?gura 
tion according to the ?rst embodiment 1. 

[0021] FIG. 2 is a block diagram shoWing the con?gura 
tion according to a variation example of embodiment 1. 

[0022] FIG. 3 is a schematic diagram of ripple-shaped 
group delay deviation. 

[0023] FIG. 4 is exemplary characteristics shoWing the 
relationship betWeen nonlinear distortion, distortion caused 
by ripple-shaped group delay deviation, and signal level 
number of channels. 

[0024] FIG. 5 is a block diagram shoWing the con?gura 
tion of embodiment 2 according to the invention. 

[0025] FIG. 6 is a characteristic diagram shoWing the 
inclination of deviation betWeen the FM signal bandWidth 
and ripple-shaped group delay deviation. 

[0026] FIG. 7 is a block diagram shoWing the con?gura 
tion of a variation in embodiment 2 of the invention. 

[0027] FIG. 8 is a diagram shoWing the method for 
detecting the bandWidth of FM signal. 

[0028] FIG. 9 is a block diagram shoWing the con?gura 
tion of embodiment 3 according to the invention. 

[0029] FIG. 10 is a block diagram shoWing the con?gu 
ration of a conventional optical transmission system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Embodiments of the invention are described beloW 
With reference to draWings. 

[0031] FIG. 1 is a block diagram shoWing the con?gura 
tion according to the ?rst embodiment 1. In FIG. 1, an 
optical transmission system 1 has a con?guration in Which 
a transmitter 2 connects to a receiver 4 through an optical 
?ber 3 as an optical transmission link. The transmitter 2 
transmits optical signals based on the input frequency 
division-multiplexed (FDM) multiplexed-channel signals 
(hereafter FDM multiplexed-channel signals). The receiver 
4 receives optical signals transmitted from the transmitter 2 
through the optical ?ber 3. 

[0032] The transmitter 2 is composed of a level adjuster 
(signal level adjusting means) 2a, an FM modulator 2b and 
an optical modulator 2c. The level adjuster 2a adjusts the 
level of transmit signals depending on the increase/decrease 
in the number of channels for FDM multiplexed-channel 
signals to keep constant the frequency band, and reduces the 
distortion caused by ripple-shaped group delay deviation 
Which occurs in the transmitter, the receiver and the optical 
?ber 3. The FM modulator 2b frequency modulates the 
level-adjusted FDM multiplexed-channel signals as a single 
unit. The optical modulator 2c adjusts the intensity state of 
a signal light, or intensity modulates the signal light, by 
using the FM frequency-modulated signal. 

[0033] The receiver 4 is composed of an optical receiver 
4a and an FM demodulator 4b. The optical receiver per 

Jul. 19, 2001 

forms photoelectric conversion of transmitted optical signals 
to obtain FM signals frequency modulated as a single unit. 
The FM demodulator frequency demodulates the resulting 
FM signals frequency modulated as a single unit to repro 
duce FDM multiplexed-channel signals. 

[0034] Next, the operation in the in the optical transmis 
sion system 1 is described beloW. FDM multiplexed-channel 
signals input to the transmitter 2 are adjusted in terms of the 
input level to the FM modulator 2b. These level-adjusted 
FDM multiplexed-channel signals are frequency modulated 
as a single unit by the FM modulator 2b. The resulting FM 
signal frequency modulated as a single unit is applied to the 
optical modulator 2, and the signal light is intensity modu 
lated for optical transmission through the optical ?ber link 3. 
Optical signals transmitted to the receiver 4 undergo pho 
toelectric conversion through the optical receiver 4a, and the 
resulting FM signal frequency modulated as a single unit is 
obtained. The FM signal frequency modulated as a single 
unit obtained is frequency demodulated by the FM demodu 
lator 4b to restore FDM multiplexed-channel signals. 

[0035] As mentioned earlier, according to an embodiment 
of the invention, the distortion caused by a ripple-shaped 
group delay deviation on the FM signal channel in the 
transmitter 2 and receiver 4 can be reduced by increasing the 
signal level per Waveform of FDM multiplexed-channel 
signals and by keeping constant the bandWidth of FM signal 
through the level adjuster 2a, even in the case Where the 
number of channels for FDM multiplexed-channel signals 
input to the transmitter 2 is small, and the bandWidth of the 
FM signal frequency modulated as a single unit is reduced. 

[0036] FIG. 2 is a block diagram shoWing a variation 
example of embodiment 1. Same signs are used for the same 
con?guration as that of embodiment 1, and corresponding 
details are omitted. 

[0037] This variation is composed of an ampli?er 2a1 and 
a variable attenuator 2a2 as an example of level adjuster 2a. 
The ampli?er 2a1 ampli?es FDM multiplexed-channel sig 
nals input to the transmitter 2. The variable attenuator 2a2 
attenuates While adjusting the ampli?ed output of the ampli 
?er 2611. 

[0038] FDM multiplexed-channel signals input to the 
receiver 4 can be easily adjusted in terms of the input level 
to the FM modulator 2b, by manually adjusting the signal 
level in the variable attenuator 2a2 through the level adjuster 
2a. 

[0039] As mentioned earlier, the signal input level per 
Waveform of FDM multiplexed-channel signals can be 
adjusted manually When FDM multiplexed-channel signals 
are transmitted from the transmitter 2 to the receiver 4 
through the optical ?ber 3, even in the case Where the 
number of channels for FDM multiplexed-channel signals 
input to the transmitter 2 is small, and the bandWidth of FM 
signal frequency modulated as a single unit is reduced. 
Accordingly, it is possible to enlarge the bandWidth of FM 
signal and reduce the distortion caused by a ripple-shaped 
group delay deviation of the transmitter 2, the receiver 4 and 
the optical ?ber 3. 

[0040] Next, additional explanation is made for adjusting 
the level of FDM multiplexed-channel signals to reduce the 
distortion through the level adjuster 1. For example, in a 
system Which use the FM modulator 2b, distortion can be 
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classi?ed into nonlinear distortion caused by non-linearity of 
the FM modulator 2b and the FM demodulator 4b, and group 
delay distortion linear distortion) caused by group delay 
deviation of the transmitter 2, the receiver 4 and the optical 
?ber 3. The group delay deviation is caused by inter-device 
re?ection on the FM signal channel in the transmitter 2 and 
the receiver 4. Accordingly, as shoWn in the characteristic 
diagram of FIG. 3, ripple-shaped group delay deviation is 
often dominant in Which group delay along the vertical aXis 
periodically varies against the frequency along the horiZon 
tal ads. 

[0041] When such a deviation occurs, nonlinear distortion 
A and distortion caused by ripple-shaped group delay devia 
tion are obtained as a distortion level on the vertical aXis, 
against the number of channels on the horiZontal aXis of 
illustration of FIG. 4. Total distortion C is obtained from 
these distortions. Distortion B caused by ripple-shaped 
group delay deviation is larger in the case of smaller number 
of channels or loWer level per Waveform and a smaller 
bandWidth after frequency modulation. In the case Where the 
number of channels for FDM multiplexed-channel signals 
input to the transmitter 2 is small, the bandWidth of the FM 
signal is enlarged by increasing the level per Waveform. 
Distortion Ais large in the case of larger number of channels 
or high level per Waveform. By optimiZing the signal level 
per Waveform so that the total distortion C resulting from 
nonlinear distortion A and group delay distortion B may be 
minimized, distortion after transmission can be reduced or 
suppressed. 

[0042] FIG. 5 is a block diagram shoWing the con?gura 
tion of embodiment 2 according to the invention. Same signs 
are used for the same con?guration as that of embodiment 1, 
and corresponding details are omitted. An optical transmis 
sion system 1A in embodiment 2 is of a con?guration in 
Which the level of FDM multiplexed-channel signals is 
automatically adjusted by detecting the bandWidth of FM 
signal through a bandWidth detector 2a' to keep constant the 
bandWidth of FM signal. 

[0043] The bandWidth detector 2a' is used to detect the 
bandWidth of FM signal. Through such a system con?gu 
ration, the bandWidth of FM signal can be detected for 
adjusting the signal input level per Waveform of FDM 
multiplexed-channel signals to enlarge the bandWidth of FM 
signal When FDM multiplexed-channel signals are transmit 
ted from the transmitter 2 to the receiver 4 through an optical 
?ber 3, even in the case Where the number of channels of 
FDM multiplexed-channel signals input to the transmitter 2 
is small, and the bandWidth of FM signal frequency modu 
lated as a single unit is reduced. Accordingly, it is possible 
to reduce the distortion caused by a ripple-shaped group 
delay deviation of the transmitter 2, the receiver 4 and the 
optical ?ber 3. 

[0044] Next, operation of the optical transmission system 
1A is detailed based on FIG. 6. As shoWn in FIG. 6, the 
distortion caused by ripple-shaped group delay deviation is 
kept substantially constant by keeping constant the band 
Width of FM signal, because the bandWidths of FM signals 
A, B correspond to the inclination of group delay deviation 
C, D Which relate to the magnitude of distortion. FDM 
multiplexed-channel signals input to the transmitter 2 are 
automatically adjusted in terms of the input level to the FM 
modulator 2b, so that the bandWidths of FM signals A, B can 
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be kept constant through the level adjuster 2a based on 
control signals from the bandWidth detector 2d. Level 
adjusted FDM multiplexed-channel signals are frequency 
modulated as a single unit by the FM modulator 2b. The 
resulting FM signal frequency modulated as a single unit are 
applied to the optical modulator 2c, and the signal light is 
intensity modulated for optical transmission through the 
optical ?ber 3. Optical signals transmitted to the receiver 4 
undergo photoelectric conversion by the optical receiver 4a, 
and the resulting FM signal frequency modulated as a single 
unit is frequency demodulated by the FM demodulator 4b to 
restore FDM multiplexed-channel signals. 

[0045] As mentioned earlier, according to embodiment 2 
of the invention, the distortion caused by a ripple-shaped 
group delay deviation on the FM signal channel in the 
transmitter 2 and receiver 4 can be reduced and kept 
substantially constant by detecting the bandWidth of FM 
signal through the bandWidth detector 2d and automatically 
increasing the signal level per Waveform of FDM multi 
pleXed-channel signals and by keeping constant the band 
Width of FM signal through the level adjuster 2a, even in the 
case Where the number of channels of FDM multiplexed 
channel signals input to the transmitter 2 is small, and the 
bandWidth of the FM signal frequency modulated as a single 
unit is reduced, or in the case Where the number of trans 
mission channels has changed after system implementation. 

[0046] FIG. 7 is a block diagram shoWing the con?gura 
tion of a variation in embodiment 2 of the invention. Same 
signs are used for the same con?guration as that of embodi 
ment 1, and corresponding details are omitted. In this 
variation, the bandWidth detector 2a' in embodiment 2 is 
composed of a bandpass ?lter (BPF) 2a'1 and a poWer 
detector 2d2. Accordingly, it is possible to automatically 
adjust the input level of FDM multiplexed-channel signals 
input to the FM modulator 2b to keep constant the band 
Width of FM signal through the level adjuster 2a, based on 
control signals from the bandWidth detector 2d. 

[0047] FIG. 8 shoWs FM signal spectrum, the horiZontal 
aXis representing frequencies and vertical aXis poWer. The 
bandWidth detector 2d of FIG. 7 extracts part of FM signal 
shoWn in FIG. 8 through the BPF 2d1, detects the corre 
sponding poWer through the poWer detector 2d2, then detects 
the bandWidth of FM signals, based on the fact that the 
poWer level is associated With the spread of FM signals. The 
resulting FM signal frequency modulated as a single unit is 
applied to the optical modulator 2c and the signal light is 
intensity modulated for optical signal transmission through 
the optical ?ber 3. Optical signals transmitted to the receiver 
4 undergo photoelectric conversion by the optical receiver 
4a, and the FM signal frequency modulated as a single unit 
are obtained. The resulting FM signal frequency modulated 
as a single unit is frequency demodulated by the FM 
demodulator 4b to restore FDM multiplexed-channel sig 
nals. 

[0048] As mentioned earlier, according to a variation of 
this embodiment, the bandWidth of FM signals can be 
detected through the bandWidth detector 2d simply com 
posed of the BPF 2a'1 and the poWer detector 2a'2, even in the 
case Where the number of channels of FDM multiplexed 
channel signals input to the transmitter 2 is small, and the 
bandWidth of FM signals frequency modulated as a single 
unit is reduced, or in the case Where the number of trans 
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mission channels has changed after system implementation. 
Accordingly, it is possible to automatically increase the 
signal level per Waveform of FDM multiplexed-channel 
signals through the level adjuster 2a. Moreover, it is possible 
to reduce and keep substantially constant the distortion 
caused by a ripple-shaped group delay deviation on the FM 
signal channel in a transmitter or a receiver by keeping 
constant the bandWidth of FM signal. 

[0049] FIG. 9 is a block diagram shoWing the con?gura 
tion of embodiment 3 according to the invention. Same signs 
are used for the same con?guration as that of embodiments 
1 and 2, and corresponding details are details are omitted. 

[0050] In embodiment 3 of the invention, the level 
adjuster 2a is composed of an ampli?er 2a1 and a variable 
attenuator 2a2 and the bandWidth detector 2a' is composed of 
a BPF 2d1 and a poWer detector 2d2. That is, the transmitter 
2 is composed of a combination of the con?guration of the 
level adjuster 2a shoWn in FIG. 2 and the con?guration of 
the bandWidth detector 2d shoWn in FIG. 7. Accordingly, 
FDM multiplexed-channel signals input to the transmitter 2 
are automatically adjusted in terms of the input level to the 
FM modulator 2b, so that the bandWidth of FM signal can 
be kept constant through the variable attenuator 2a1 of the 
level adjuster 2a based on control signals from the band 
Width detector 2d. The level-adjusted FDM multiplexed 
channel signals are frequency modulated as a single unit by 
the FM modulator 2b. As mentioned With reference to FIG. 
8, the bandWidth detector 2d extracts part of FM signals 
through the BPF 2d1, detects the corresponding poWer 
through the poWer detector 2a'2, then detects the bandWidth 
of FM signals, based on the fact that the poWer level is 
associated With the spread of FM signals. 

[0051] As mentioned earlier, according to embodiment 3 
of the invention, the bandWidth of FM signal can be detected 
through the bandWidth detector 2d simply composed of the 
BPF 2a'1 and the poWer detector 2a'2, even in the case Where 
the number of channels of FDM multiplexed-channel signals 
input to the transmitter 2 is small, and the bandWidth of FM 
signal frequency modulated as a single unit is reduced, or in 
the case Where the number of transmission channels has 
changed after system implementation. Accordingly, it is 
possible to automatically increase the signal level per Wave 
form of FDM multiplexed-channel signals through the level 
adjuster 2a simply composed of the ampli?er 2a1 and the 
variable attenuator 2a2. Thus it is possible to reduce and 
keep substantially constant the distortion caused by a ripple 
shaped group delay deviation on the FM signal channel in a 
transmitter or a receiver and receiver 4 by keeping constant 
the bandWidth of FM signal. 

[0052] In the embodiments of the invention, an exemplary 
level adjuster 2a is composed of an ampli?er 2a1 and a 
variable attenuator 2a2 and an exemplary bandWidth detec 
tor 2a' is composed of a BPF 2a'1 and a poWer detector 2d2. 
These embodiments do not limit a level adjuster 2a or a 
bandWidth detector 2a' which may fall Within the scope and 
spirit of the invention. 

[0053] As mentioned earlier, according to the optical 
transmission system of the invention, advantages are 
obtained that the bandWidth of FM signal can be enlarged 
and the distortion caused by a ripple-shaped group delay 
deviation of a transmitter, a receiver and an optical link can 
be reduced by adjusting to increase the level per Waveform 
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of FDM multiplexed-channel signals through signal level 
adjusting means, even in the case Where the number of 
channels of FDM multiplexed-channel signals input to the 
transmitter is small, and the bandWidth of FM signal fre 
quency modulated as a single unit is reduced. 

[0054] According to the optical transmission system of the 
invention, advantages are obtained that the bandWidth of FM 
signal can be enlarged and the distortion caused by a 
ripple-shaped group delay deviation of signals transmitted 
can be reduced to transmit FDM multiplexed-channel sig 
nals With good signal quality, by increasing the level per 
Waveform of FDM multiplexed-channel signals, even in the 
case Where the number of channels of FDM multiplexed 
channel signals input to the transmitter is small, and the 
bandWidth of FM signal frequency modulated as a single 
unit is reduced. 

What is claimed is: 
1. An optical transmission system comprising: 

a transmitter for transmitting optical signals based onfre 
quency-division-multiplexed multiplexed-channel 
input signals Which are multiplexed using frequency 
division-multiplexing; and 

a receiver for receiving said optical signals transmitted 
from said transmitter through optical transmission 
means, Wherein 

said transmitter has a signal level adjusting section for 
reducing a ripple-shaped distortion caused by a group 
delay deviation in at least one of said transmitter, said 
receiver, and said optical transmission means When said 
optical signals are sent to said receiver, said signal level 
adjusting section adjusting signal levels of transmitted 
signals to be constant in accordance With numbers of 
channels of said multiplexed-channel input signals. 

2. An optical transmission system according to claim 1, 
Wherein 

said transmitter is comprised of a PM modulator for 
performing frequency modulation to said multiplexed 
channel input signals into a single stream, and an 
optical modulator for sending said optical signals to 
said receiver through said optical transmission means 
With adjusting intensity of said optical signals based on 
frequency-modulated signals obtained by said FM 
modulator, and further Wherein 

said receiver is comprised of a PM demodulator for 
performing frequency demodulations to said fre 
quency-modulated signal obtained by performing pho 
toelectric conversion of optical signals transmitted 
through said optical transmission means. 

3. An optical transmission system according to claim 1, 
Wherein said signal level adjusting section is comprised of 
an ampli?er for amplifying said FDM multiplexed-channel 
signals and an attenuator for variably attenuating output 
signals of said ampli?er. 

4. An optical transmission system according to claims 1 or 
3, Wherein said signal level adjusting section is manually 
adjustable to adjust the signal levels of said multiplexed 
channel input signals in accordance With the numbers 
thereof. 
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5. An optical transmission system according to claims 2, 
wherein said transmitter is further comprised of a bandwidth 
detector for detecting bandWidth of said frequency-modu 
lated signalsFM signal. 

6. A transmitter used for an optical transmission system 
comprising: 

a transmitter for transmitting optical signals to a receiver 
based on multiplexed-channel input signals Which are 
multiplexed using frequency-division-multipleXing, 
Wherein said transmitter has a signal level adjusting 
means for reducing a ripple-shaped distortion caused 
by a group delay deviation in at least one of said 
transmitter, said receiver, and optical transmission 
means When said optical signals are sent to said 
receiver, said signal level adjusting section adjusting 
signal levels of transmitted signals to be constant in 
accordance With numbers of channels of said multi 
pleXed-channel input signals. 

7. An optical transmitter used for an optical transmission 
system according to claim 6, Wherein said transmitter is 
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comprised of a PM modulator for performing frequency 
modulation to said multiplexed-channel input signals into a 
single stream. 

8. An optical transmitter used for an optical transmission 
system according to claim 6, Wherein the signal level 
adjusting means is comprised of an ampli?er for amplifying 
said FDM multiplexed-channel signals and an attenuator for 
variably attenuating output signals of said ampli?er. 

9. An optical transmitter used for an optical transmission 
system according to claim 6, Wherein said signal level 
adjusting means is manually adjustable to adjust the signal 
levels of said multiplexed-channel input signals in accor 
dance With the numbers thereof. 

10. An optical transmitter used for an optical transmission 
system according to claim 6, Wherein said transmitter is 
further comprised of a bandWidth detector for detecting 
bandWidth of said frequency-modulated signalsFM signal. 


